Zinc plays a critical role in a variety of cell functions and elicits the fact that both its deficiency and excess may demonstrate deleterious situation. It has been proposed that zinc is required for multiple steps in insulin synthesis and release. This study investigated the relationship of zinc and glucose in diabetics. Using serum samples of diabetic patients whose glucose concentrations were above the threshold (10.0 mmol/l), spectroscopic methods were used to determine the concentration of glucose and zinc. Results obtained showed a negative correlation between level of glucose and zinc. Data were analyzed using student's t-test with the aid of Graph Pad Prism (R) version 6.01 with a p value of <0.05 considered statistically significant. We concluded that reduced concentration of zinc observed in the study could be an uncommon factor to hyperglycemia and impose risk factor to diabetics. Its evaluation along with glucose levels is highly recommended in management of diabetic patients.
Introduction
Zinc is an essential mineral with exceptional biological functions. It is required for normal cell processing such as cell division and apoptosis participating in multiple biochemical pathways such as transcription and cell division. Zinc is highly concentrated in the islet cells of the pancreas where insulin is produced. It is also vital in storage and secretion of insulin [1] . More than 300 enzymes need zinc to affect their catalytic activities. Jasen et al., [2] have confirmed that the removal of zinc from catalytic sites has resulted in loss of catalytic activity. In another study, [3] has shown that malabsorption of zinc results in various types Open Journal of Endocrine and Metabolic Diseases of disorders including the dermal, gastrointestinal, neurological and immunological abnormalities. Recently published studies have revealed that type 2 diabetes patients have suboptimal zinc status in blood due to its increased urinary excretion [4] . Hypozincemia and hyperzincuria observed in diabetics have been elucidated by [5] . Zinc plays a key role in the storage and secretion of insulin which subsequently increases the uptake of glucose [6] , and decreasing plasma level of zinc adversely affects the ability of islet cells to produce and secrete insulin [7] . Further works by [8] have established the fact that Zn transporter (ZnT8) is a key protein for the regulation of insulin secretion from pancreatic Beta-cells.
Mutation in ZnT8 has been associated with type 2 diabetes. These facts give credence to the understanding that the importance of zinc in the maintenance and integration of insulin hexamer and its role in the metabolic regulation has a scientific proof.
The discovery of a variety of zinc related clinical disorders has directly demonstrated the importance of zinc in human nutrition. It is the second to iron as the most abundant trace element in the body [9] [10] . Zinc is widely distributed in food mainly bound to protein. The bioavailability of dietary zinc is dependent upon the digestion of these proteins to release zinc and allow it to bond to peptides, amino acids, phosphates and other ligands within the intestinal tract.
The relationship between diabetes, insulin and zinc is complex with no clear cause and effect relationship. In type 1 diabetes, there is a lack of insulin production, in type 2 diabetes, resistance of the effect of insulin is predominant. Both types have the same long-term complications. Diabetes is known to affect zinc homeostasis in variety of ways, although it is the hyperglycemia rather than any primary lesion related to diabetes, which is responsible for the increased urinary loss and decrease in total body zinc. The role of zinc deficiency which could at least potentially exacerbate the cytokinine-induced damage in autoimmune attack which destroys the islet cell in type 1 diabetes is still not clear. Since zinc plays a clear role in the synthesis, storage and secretion of insulin as well as conformational integrity of insulin in the hexameric form, the decreased zinc which affects the ability of the islets cells to produce and secret insulin might then compound the problem, particularly in type 2 diabetes where several of the complications may be related to increased intracellular oxidants and free radicals associated with decreases in intracellular zinc and in zinc dependent antioxidant enzymes. It has been shown that there appears to be a complex interrelationship between zinc and type 1 and 2 diabetes.
Insulin is stored as a hexamer containing two zinc ions in the Beta-cells of the pancreas and released into the portal venous system at the time of Beta-cells granulation [11] . In vitro and in vivo studies in animal and humans have shown that zinc has numerous beneficial effects in type 1 and 2 diabetes [12] [13] [14] . A recent meta-analysis confirmed these findings and concluded that zinc supplementation in patients with diabetes improves glycemic control and promotes healthy lipids parameters [15] . Other reviews as shown by [16] which comprehensively discuss zinc homeostasis in Beta-cells with emphasis on the potential Open Journal of Endocrine and Metabolic Diseases signaling role of zinc in islet cells are available. This study seeks to investigate the underlying relationship between zinc, glucose and diabetes mellitus.
Materials and Methods
A total of one hundred (100) samples were collected from three tertiary hospitals in Yenagoa metropolis, Bayelsa State, Nigeria. The hospitals were Niger Delta University Teaching Hospital (NDUTH), Federal Medical Centre and Diete Koki Memorial Hospital. Subjects were both male and female diabetics (n = 100) with fasting glucose level above threshold (10.0 mmol/l) since the test was not designed for prediabetics. Another set of one hundred (100) samples were collected from non-diabetics with glucose levels ranging from 3.5 -5.0 mmol/l. Consent to permit collection of samples from patients were obtained at all the facilities. Samples were collected between 8.00 am and 8.30 am into fluoride oxalate bottle and plain containers for glucose and zinc respectively. The flouride oxalate prevents glycolysis. They were spun, separated to obtain plasma/serum respectively for the analysis.
Glucose was analysed by the enzymatic method Gluc-PAP (Randox) a product of Randox Laboratories Limited, UK. Glucose oxidase catalyses the oxidation of glucose to give hydrogen peroxide and gluconic acid. In the presence of the enzyme peroxidase, the hydrogen peroxide is broken down and the oxygen released reacts with 4-aminophenazone (4-amino antipyrene) and phenol to produce a pink colour that was measured at 540 nm with spectrophotometer 22D + (Uniscope, England).
Serum zinc was analysed by direct atomic absorption spectrophotometer with the method of J.C. Smith, Jr. and G.P. Bitrimovi 1979 (USA) using Perkin Elmer 403 AAS. A calibration curve of standard zinc concentration was prepared and sample absorbance read off from the curve.
Statistical Analysis
Data collected from the subjects were analysed using students t-test with the aid of Graph Pad prism (R) software version 6.01 with p value set at <0.05 being considered as statistically significant.
Result
Results of the analysis are shown on Table 1 and Table 2 . The mean standard deviation and standard error of mean for the diabetic and non-diabetic are shown with the total number evaluated. It can be deduced from the table that diabetics had decreased concentration of zinc when compared with the non-diabetics (see Table 1 ). Zinc concentration in diabetics was 65.22 ± 1.13 ug/dl as against 85.91 ± 2.58 ug/dl in non-diabetics. While the mean concentration of glucose in diabetics was 11.06 ± 0.42 mmol/l the value for non-diabetics was 4.74 ± 0.22 mmol/l (see Table 2 ). It can be deduced from the above table that there is a decrease in zinc concentration in diabetic (65.22 ± 1.13 ug/dl) compared to that of non-diabetics (85.91 ± 2.58 ug/dl). This decrease is statistically significant (p = 0.001).
From the table, an increase in the glucose concentration is seen in diabetics given the value 11.06 ± 0.42 mmol/l compared to the glucose concentration in non-diabetics 4.74 ± 0.22 mmol/l. This increase is statistically significant.
Discussion
The role of zinc in cell function is multifaceted. Arising from this, whether the level of zinc is elevated or reduced there is the possibility that unusual reaction might occur. In this study we have critically examined the relationship between a raised glucose concentration in diabetics and the concentration of zinc. We observed a generalized reduction in the concentration of zinc in diabetics when compared with the concentration in non-diabetics that were randomly selected. Interestingly, the decreases in concentration among diabetics were negatively correlated with the concentration of glucose. This observation is supported by the findings of [17] and [18] . Consistent with previous reports, [19] had earlier shown that high concentration of glucose and other secretagogues decrease the islet cell labile zinc and video fluorescence analysis showed zinc concentration in the islet cells were related to the synthesis, storage and secretion of insulin. It has been established that the concentration of zinc in pancreatic beta cells is among the highest in the human body. As earlier elucidated, there is now data to show that zinc transporter (ZnT8) is required for the formation of insulin crystals in beta cells [20] [21] which to a large extent modulates the packaging efficiency of stored insulin. It is now known that epitopes of the ZnT8 protein are identified by autoantibodies of patients with type 1 diabetes mellitus. It has also been shown in genome wide study and independent cohort works in which a link was understood to exist between a short nucleotide polymorphism (SNP) marker within the human SLC 30A8 gene and genetic susceptibility in type 2 diabetes mellitus. Reduced zinc concentration in this study could be attributed to the Open Journal of Endocrine and Metabolic Diseases several functions it plays. These functions have the capacity to affect the concentration.
When we consider the myriads of functions played by zinc which includes; enhancement of normal glucose homeostasis, insulin crystal formation, a transporter in the beta cell and its role in anti-oxidation defense not only acting as a co-factor of the superoxide dismutase, the fact that its rate of utilization is high presupposes that a shortfall may elicit unexpected result.
The action of zinc as a co-factor is achieved through modulating the glutathione metabolism and metallothionein expression. Zinc competes with copper and iron inhibits nicotinamide oxidative stress by causing reduction in hyperglycemia. Furthermore, zinc by its action of phosphorylation of insulin receptors enhances the transportation of glucose into the cells.
Both in vivo and in vitro studies in animals and humans have shown that zinc has numerous beneficial effects in both type 1 and 2 diabetes. Meta analysis have shown that zinc supplementation in patients with diabetes improves glycaemic control with enhancement of lipid parameters. We summarise that there is a specific range which lies between the minimum equivalent and maximum tolerable limit for the uptake of zinc to perform its myriads of roles. Over and above all, understanding the chemistry that promotes the biological activity modulating the function of zinc in diabetics will arouse further research.
Conclusions
This work has shown that a relationship exists between zinc and glucose and that there is interplay of uncommon biochemical reactions modulating the behavior of glucose in diabetics.
Inclusion of evaluation of zinc levels in attempt to diagnose diabetic condition can help elucidate the condition of diabetic patients.
